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© Method for forming thin film pattern. 

© The present invention provides a method for forming a thin film pattern having an excellent accuracy of 
pattern. The method comprises the steps of: 

(a) exposing a polysilane layer formed from a polysilane having a structure of the formula: 
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wherein R,, Ffe, R 3 and R* indicate a group which is independently selected from the group consisting of 
a substituted or non-substituted aliphatic hydrocarbon residue, an alicyclic hydrocarbon residue and an 
aromatic hydrocarbon residue and m and n indicate an integer, provided on a substrate, to ultraviolet light 
selectively to form a latent image of the thin film pattern; and 

(b) dipping the polysilane layer in which the latent image of the thin film pattern was formed in a metal oxide 
sol and then drying. 
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FIELD OF THE INVENTION 

The present invention relates to a method for forming a thin film pattern on a substrate. More 
particularly, .t relates to a method for patterning a functional ceramic thin film formed by means of a sol-eel 
s processing. * y 

BACKGROUND OF THE INVENTION 

A method for synthesizing a ceramic thin film using a solution reaction (referred to as a "sol-pel 
io processing") has attracted special interest recently. The sol-gel processing is a method comprising 
synthesizing an inorganic polymer precursor from an organic metal compound or a metal complex in a 
solution by us.ng a hydrolysis reaction or condensation reaction; applying the solution on a substrate by 
means of a spray method, dipping method or spin-coating method to form a thin film; and subjecting the 
thin film to a heat treatment to form a functional ceramic thin film. The functional ceramic thin film is used 
is as dielectric film, insulator film, protective film. etc. in electron devices such as thin film capacitor. LSI 
electroluminescent device and the like, and a formation technique by means of the sol-gel processing have 
been stud.ed intensively. On the other hand, in addition to the above electron devices, the sol-gel 
Processing .s applied for a surface treatment of functional glass or plastic, for example, anti-diffusion film of 
alkali, interference colored film, anti-reflection film, reflection film and the like. 

The method for forming a thin film by means of the sol-gel processing has excellent characteristics 
such as temperature reduction of process temperature, freedom of composition, formation of uniform thin 
film on substrate having large surface area and the like. 

However, there .is no method of patterning a thin film, and a method of removing a thin film by 
conducting etching after formation of the thin film is popular. A complicated lithography step using a 
photoresist is required in order to conduct etching, and simplification of the step has been required 

Further, .t has been studied to use a glass as the substrate for magneto-optic disc in view of durability 
however, its practical application is falling behind because of the largest disadvantage of the glass ie a 
pre-groove can not be formed at low cost. For example, as the practical application of the sol-gel 
processing, there have been proposed a method of transferring a groove by a stamper while the gel is soft 
(Tohge et al. J. Am. Cream. Soc. 70. C13 (1987)) and FtlE (Reactive Ion Etching) method wherein a 
photolithography method is combined with a dry-etching method after a SiC* film was formed (Ota et al 
Electronic Material, 27, 7. 57 (1988)). However, they are merely used for long-term storage in view of cost 

On the other hand, the present inventors have already proposed a process for dyeing a pattern using a 
silanol group produced by exposing an organic polysilane to ultraviolet light (Japanese Laid-Open Patent 
Publ,cat.on No. 05-188215) and a method for coloring a pattern by dipping in a colored sol solution 
l?™?*^ T eta ' alk ° xide containin 9 a d V e or a pigment as a raw material (Japanese Patent Application 
No. 4-68243). Further, the present inventors have further studied to develop a function other than a colored 
pattern using a sol. 

As described above, the present inventors have studied intensively. As a result, the present invention 
•w has been accomplished. 

SUMMARY OF THE INVENTION 
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The main object of the present invention is to provide a method for forming a thin film pattern having 
excellent accuracy of pattern, which improves a method for forming a thin film by means of the sol-gel 
processing and which enables manufacturing at low cost. 

This object as well as other objects and advantages of the present invention will become apparent to 
those skilled in the art from the following description with reference to the accompanying drawings. 

The present invention provides a method for forming a thin film pattern, which comprises the steps of: 
(a) exposing a polysilane layer formed from polysilane having a structure of the formula: 

-f si) f ii A— 

R 2 R 4 
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'0 BRIEF EXPLANATION OF THE DRAWING 

patteTof \£Z1Z^™« C di39ramS N,UStratin9 ° ne emb ° diment ° f the ^ - *«n."0 a thin film 
75 DETAILED DESCRIPTION OF THE INVENTION 

» Pol,*™, used in ,„e pres.,,, inven,™ fc , po , ysite „. Ling , swc.u™ „° ,n. trlT.- 
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I ' t» \ | / n 

vvr.erein R, , R 2l R 3 ; , ., FU indicate a group wrw.. .ndependently st. ,r 
butVa^nh" n ° n " SUbStitUted 3liphatiC h * d ™**<>» residue such as methyl group.^ropy. "grotio" 2 

Z^SS^^SrlSSr P -H 0lyl Q T biPhenW 9r ° UP 3nd Ph6nyl 9 rOU P and a sub * ituted or 
and n indiS f an nS» hydrocarbon resld ™ such as cyclohexyl group and methylcyclohexyl group; and m 

to 10 7n c7s of ^.he arornltvTH the a ' iphatiC 0r alic V clic hydrocarbon, the number of a carbon atom is 1 
and the JSue of m £T hydrocarbon, a kind of the substituents R, to R» having 6 to 14 carbon atoms 
solubSL a^d can ^. , * h? T Part,CU,ar| y im P° rta "< this polysilane resin may have organic solvent- 
solubility and can be coated to form an uniform film (film thickness of 0.1 to 10 urn) 

firstly formed on ft f ° rmm9 * ^ Pattern of the P resent '"vention, a Polysilane layer is 

mited STass olate mS , *, T*' ReQardin9 the SUbstrate ' its sha P e «* Serial are not specifically 
rt , P,a,e -, metal P' ate - P' ast| c Plate, etc. can be used according to the application 

forml a ^ °" ^ * A f ° rmati ° n ™ thod may * one which can 

SToniS used V 9 ^ Un ' f0rm tHiCkneSS and iS " 0t Speci,ica,, y limited - A ^in-coating method 

dissolve SLnnd^is^t J ? f ° rmin9 the P °' ysi,ane ,ayer ma * be an V solvent which can 

f^CS!^^X^TT , m,ted - To,uene is suitab,y used in this me,hod - 11 is P referred 

rwl I ^. tn,ck ness of the polys.lane layer is within a range from 0.1 to 10 urn. 
Fia 1 L h T?, ^ St6PS ° f f ° rmin9 3 thin film P attern is shown in Figs. 1 (a) to (d) As shown in 
^1 and a t^LT "IST" '° * 104 f °' ,0rmi "9 P attem ^in'fi.m comprising a substra e 

acroSno St^Tul ^ ^ a " U ' traVi ° let ^ Source such as mercury vapor ,amp 

ST^^ST U,traV, ° ,et " 9ht 110 iS irradiat6d ^ a P a «- ««* 103 put on'the laminate 

range7pXiL 9 ne pTelratT -T? ^ 3 WaV6,en9th ° f 250 t0 400 nm as a «' abs orption 

Si-OH (sifanoraro^i 0 Ac^H n",^ ^l^'' 3 ^ ,ayer * imposed by ultraviolet light irradiation to form 
•aminatltrT^ a « — - -med in the irradiated 
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r ,a r image containin9 a — ■ °™> 

thin film. In order to increase an abVomtton rZ f, I * P ^ ° f 1he ,aminate for for ™ng 

solvents such as ace.onitri.e ^TZ^S^T^ ^ «««£ 

s necessary. Such a water-soluble organic *£Z h\ ■ ^ be add6d t0 ,he me,al oxide so1 - » 
30% by weight. When the amount o the ^LTJSJS"^ £^ 0,U ? n 1 * h" " 1 t0 

polysilane layer is arisen to cause turbulence on the sfrLf t 2 9 , ' ^d.ssolution of the 

invention, absorption of the sol is suS conduct^ h ^ ' reSU,tm9 thi " film - ln the P res *™ 

solution maintained at 20 to 40 °C foM * 'io minuteT 9 * r ' M °™»9 material in the sol 

10 v^^iz^^z^™*^ used materia,s — in - 

include metal organic substances I atoxide t«? ? ' ? * fUnCti ° n ' bUt 8Xamp,eS of the ma terial 

condensation-po.ymerfzabLtctionarg'u,^ ^ b fp^S 3^?^?' 7* T * ° 0W8rtBd 
Further, materials which can disso.ve J«^toC*^^Z^™ ™* 

» -^a^ with dehydrating by 

by stirring at room temperature for 2 hoTs Ta^Z^ZtT *" * *" ^ ^ 

^izXtZ^^^jSo* it r? composed ° f 50 to 200 pa * s » - 

parts by weigh, of tobi«K^il^r^.Siiir tS?^5:ir 0,0ht ^ h V < *? chtoric based on 100 
ss c" - - tetrahydrofur^ - necessary, water-soluble oro— such as acetonitrile. 

-.ou mat the metal oxide x^scbed at thr- * • . ' ^ 

me .nrou^rr^Sr * * — * Into 

diameter of so, partes is t^Z't lit ^ <* »• polysilane layer. The 

so confirmed that a particulate mate 'a hTv.no f ! , ^ ,hey CM b ° S,icked with diffusin 9- It was 

test as* f ss. -~ - - ba — 

( Accord.ng.y. when deve.op.ng a function by absorption of so. partic.es. there can be given the fo.iowing 
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35 m To^rlZ the T' V f S C ° main 3 funCti ° nal a,0m or a ,unc «°"a. group; 

coeistr ma,enal - Wh!Ch Can be abS ° rbed h the P°'^i'ane /yer together with so. partic.es. 

2! LTTT' 1 °1 3 po,ymeric material, which can dissolve in the sol coexists- and 
-ra^^ PO.ysi.ane ,ayer and 

As a matter of course too or Z 0 1 « ,k 9 ^ Shape> thereby deval °Pmg a function. 
Examples of the ^unctiona. aton ZTl « be USed combinati ° n «° ^e.op a function, 

imparted on the pol^SZer TfZ ^JtT* *" W «* repe " enCy due t0 f,uorine ca " »» 
the polysi,ane ,ayer ^S^ol^JZSiS ' I* "* ° f f ' U ° rine 3t ° mS 30(1 abS ° r5in 9 the so1 on 
(e-g. alkyl group etc.), SSS^nSS^i^Th T " ' ''^ h ^P^ Qroups 

group, etc) and the like. " M 1 9 ' 9r0Up Sul, ° 9 rou P' acidic hvd ™y' 

group, amino 

these^aTSate S^rToSS StSE .^rf ^ ^ Pr6Parin9 3 S °' h WhiCh 
copper and si.ver can be contained X X^Verl ^ XT ^ ^ P ° ,ySMane ,ayer " 

In this case it i3 n^Sr7TsSZ°^ <hen mixed wnen the silica s °' « P^pared. 

preferably no ^Cl"? * Par,iCU ' at8 materia ' l ° " 0t m0fe tnan 500 ™- 

the ultraviolet light-irradteteJ I pTrt of oolvS^nf S '.f tl f xceeds 500 Particles can not be diffused into 
they can not be^ticked The palte Se can be meJ ST ^ S °' S ° ,Uti ° n and " therefore ' 

It is considered that silica so. part c es are adsorbed on Z "r ' "T? ^''^ sedimenta * ion method, 
the silica sol on the surface of oartiH « f k ^ ^ °' the P ariicuiaie material. Adsorption of 
example, the zeta potemia^ the rnJter iat whfch ! IT by m6aSUrin9 3 26ta potentia '" ** 

becomes stab.e at 5 to -25 mXZX^ZJTZ P US " 9 *" n ° ni ° niC SUr,3Ctant is diSpersed 

because the s.lanol group came into existence on the surface by absorption 
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of the silica sol. 



75 



»=.*, « ?isjs trsar 501 so,u " on - can oe usm a mwh ° d - — *» 

oxide thin mm 93n,C SUbSt ' tUent ' S e ' iminated by heati "9 at not ■« *" ^OO'C to give a metal 

a delVpTtte! , n m is P ?orr^ 0rmin9 ** " ^ h ^ 1(b >" 3 ' ami " ate 104 ' for ^ «" film in which 

subsfraTan^ 00 9 ' aSS Surface as a P^IW of an optica, disc 

to ultraviolet £h a shown i Fio Unf " ^ 1 (d) be ° bta,ned by e * P ° Sin * the total surface 

mothnW V 9 ' (c) and Composing the residual polysilane layer to remove A«? a 

Td a mlnTT'" 9 a " Unn6Cessar y P 0, V sila ^ '«yer. there can be used J Method of vo!at Lng by hemmq 

n,^-* ^xrss„ a 9 ss* w,s a ,a,9e pro6,em ,n ~ ,h,n • ,m * min9 

reauL^^^T; a , pWoli,to 9™Phy stop using a res fc, ^fch fa „,o. ss a,y fa, pattomino fa not 
of hSl^i^r!^" T Pa " 9 "' """ '" m havl "= °' '^bfataon ordo,- booouoo 
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[Preparation Example 1] 
Preparation of polysilane 



10 



To a 1000 ml flask equipped with a stirrer. 400 ml of toluene an rti^ n „ ( J - 
sodium was finely dispersed in toluene by Vigorous stirr no sffi 9 * sod,um wer * charged. After 
added. Then, the content of the flask was dTZLh k \ . 9 e hen y |m °thyldichlorosilane was 
ultraviolet light was cut-off m«^™J!£^^^ 1 " ' C in 3 ^ ™" -here 
was deactivated by adding ethanol to the res ulinn ITJr. ■' Thereafter - an excessive amount of sodium 
«e separate an organic J£ Th ?^Z^!J^3S^^t■^ ,h,, *" WaShed Wilh Wa,er 

resuWng crude PO-VPhenyLethylsi.ane "as r^ The 
s.lane having a weight-average molecular weight of 200.000 9 ' Ve P 0, yP hen y |m ethyl- 
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[Preparation Example 2] 
Preparation of fluorine silica sol 



. <;°r — i,ane. 7, g of 

*> with stirring, and the mixture was continued to stir a f room Irl ^"T^ hydroch,oric acid ™* added 
sol solution. 15.4 g of deionized wat* a f rf , o / tem P erat "'* for 2 hours. To the resulting silica 
g de.on.zed water and 3.9 g of acetonitrile were added to give a fluorine silica sol 
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i' paration .pie 3] 
Preparation of silica sol 
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00 hydrolyzed and condensed with dehvdSinoT I LZt f T" 6 W3S Stirred 31 30 * C ,or 2 hou ' s - 

and 10 9 of acetonitrile to give a ^a^ fo'dTppinT ^ fUrth8r ^ 43 9 ° f Wa,er 

[Preparation Example 4] 
35 Preparation of titanium-containing sol 

in a lealTaT^ 20 9 °< ^ano. and 13 g of water were charged 

at 30-C for 2 hours JySSTS cLoeniT with sti ™9- and ™*ure was stirred 

added 43 g of water and 10 J -Son^ *** were further 

[Preparation Example 5] 

Preparation of silver particles-containing silica sol 

tetraeLVs^^^ by Wak ° P »<° Chemical Industries, Ltd.). 13 g of 

in a vessel for sand miS and 5 Q of ^ircoT^ T ™ 9 . °' COncentrated hydrochloric acid were charged 
sand mill dispersion at aS revolln "p" mTnuteT 3 " forTh^' *" ^ 

dispersion, 40 g of water and 10 n nf . T 6 hours - To 50 9 of the resulting paste 

silica so. for dipping * acetonitr " e wa ^ ^her added to give a silver fine particles- containing 

particle^' m^^^^^ 0 ^^^ "'"0 a Centrifugal sedimentation method) 
particle size was 150 nm. <CAPA-700. manufactured by Horiba. Ltd.). As a result, the average 
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[Preparation Example 6] 

Preparation of organic polymer-containing silica sol 

Pur e 5 r G h« 0 rlv»! yet H y, f ne 9 ! y ^' 6 o° 00 haVin9 an aV6ra9e m ° leCular wei 9 ht of 6000 (manufactured by Wako 
Pure Chemical industries. Ltd.) 13 g of tetraethoxysilane. 20 g of ethanol and 13 g of water were charoed in 

30-C forpt ? ° f COnCentrat f h ^ ochl " ic acid -s added with stirring, and'the mixture I s S£ at 
30 C for 2 hours to prepare a sol. to which were further added 38 g of water and 10 g of acetonitrile to qive 
a polyethylene glycol-containing silica sol for dipping. »»nimie to give 

[Preparation Example 7] 

Preparation of silver particles-containing silica sol 

t*Jl? 0, , SilVe L PW[ ! er < 325 mesh ' manufactured by Wako Pure Chemical Industries. Ltd.). 13 g of 
TTSXlZ 9 J 13 f 0 ° f W3ter ^ °- 1 9 °' -crated hydroch.oric acid were charged 

Lh Z -n J . ™ 50 9 ° f 2irC ° n beadS were further added - ar,d the was subjected to 

sand m.ll d.spers.on at 3000 revolutions per minute at 30 -C for one hour. A particle size of this pas e 

(^PaZZLTT^ K US 'u 9 3 < Centrifu9al - d i-entation method) partic.e sL measuring equipment 
h^ n 1 1 ^n / H ° nba ' Ltd > - AS 3 reSUlt ' ^ 3Vera9e partic,e size was ™ To 50 p of 

xsx^r and 10 9 01 acetonitri,e were further added to sive a snver fine paJ - 



30 



35 



40 



45 



SO 



55 



A -sne solution of polysilane obtained in Preparation E^.^ie 1 was applied on a alass 

Co ) Tthat^n 5 C V °k 11 ^ " ,hiCkneSS) USi " 9 3 Spi " COater <" PRS - 14 "' -anufactu^ by Dynapart 
Ca) so that the dry film thickness may become 2 urn. A quartz photomask was put on the resulting 

iTno In Ht H m ' n h 9 fi,m Pattem WhiCh W3S exp ° sed 10 ultravio,et »** at a ligh? energy of HSS 
Jaoan Lr*nl » „ P ~ m8rCUry ' amp para,,el exposure e ^P mant (CL-SO^OA. manufactured by 
Z lf^ 9 LTT V h°- Ltd ) " Aft6r photomask " as «™d. the laminate in which a latent image 
Znl * PP9d 3 S0 ' ob,ained in Preparation Example 2 for 5 minutes. After dipping, the 

iTca ge.. ^ ^ *** * 2 °°" C f ° r 30 minUt6S t0 9ivs a patter " thi " film of a fluorine 

conttr^ ^ ? S,,iCa 961 tG the thin fi,m P attern P art was measured using a 

'esutt t walofi* eqU,pment < CA - 2 *P°- manufactured by Kyowa Kaimen Kagaku Co., Ltd.). As a 

As a resuTl it 1 S he ;- a contact angle of the non-exposed part of the polysi.ane layer was measured, 
at a l oh! ene^nf a" I W3S irradiated on this ,aminate for formi "9 thin film pattern 

mim,t2 a! a 9Y ° 1 US ' n9 the ab ° Ve et > ui P men < ^d the laminate was dried at 160- C for 30 
Smact a A o. e nf th!" a " 9,e ° f ,he Pattem Part ° f the fluorine silica 9 el became 98-. but the 

Zln!Lh 9 fA n™ St ' Cked Part ° f the gel th,n film was further decreased to 80-. Aqueous ink for 
SnK 92 , 1 * lnk ; manufactured b * T °y° »* Co.. Ltd.) was app.ied on thl laminate for 

eoe led nk j l ft m T^' *" Patt6m Part ,n Which the fluorine si,ica 9 el thi " film was f °^ed 

repelled .nk. Thus, it is possible to forms a pattern of a thin film having surface water repellency. 

. [Example 2] 

suh, A J«° « t0 ' Uen c S ° Mi T ° f p0| y si,ane obtained «n Preparation Example 1 was applied on a glass 
272 «2t * X h C T, X 011 Cm thiCkn6SS) USi " 9 3 Spin Coater CWW-14-. manufactured by Dynapart 
lamnate for formin ry t r! CkneSS b6C ° me 2 Wm " A 9Uart2 was put on the resulting 

JaZ StoraoTB«l P T Ur !^fT y ' amP Para " e ' 6XPOSUre ^"'P^nt (CL-50-200A. manufactured by 
tZ J^H 9 I V ?- Ltd ) - Aft6r the pho1omask w as removed, the laminate in which a latent image 
laming k !? P u 3 $0 ' OWained Pre P a 'a«on Example 3 for 5 minutes. After dipping, the 

Fu rth r IT ■ , 7 th K ^ ^ dri6d 31 200 ' C for 30 minutes ,0 9 jve a P att «'n thh film of a silica gel. 
a lioht enX'nw ? 9 W3S '!; radia,ed 0n the t0tal Sur,ace of this ,aminate ,or formin 9 thi " ™<" Pattern at 
As a e^thf nl f U f" 9 the 3b0Ve e 9 ui P me "t and the laminate was dried at 200 -C for 30 minutes. 
as a result, the polys,lane layer other than the pattern thin film of the silica gel was volatilized to form an 
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irregular pattern of the thin film of the silica gel on the glass substrate. Further, the irregular pattern was 
completely changed into a glass of silicon oxide by calcinating at 600 "C for 30 minutes. The profile of 
irregularity was measured using a surface shape measuring equipment (Dektak 3ST, manufactured by 
ULVAC Co., Ltd.). As a result, it was found that a pre-groove of 0.5 urn in height is formed. Thus it is 
possible to form fine irregularity on the glass surface without using a stamper method or etching method. 

[Example 3] 

A 10% toluene solution of polysilane obtained in Preparation Example 1 was applied on a glass 
substrate provided with an ITO conductive film (5 cm x 5 cm x 0.11 cm in thickness) using a spin coater 
( PRS-14", manufactured by Dynapart Co.) so that the dry film thickness nay become 1 urn. A quartz 
photomask was put on the resulting laminate for forming thin film pattern which was exposed to ultraviolet 
light at a light energy of 2 J/cm 2 using an ultra-high pressure mercury lamp parallel exposure equipment 
(CL-50-200A, manufactured by Japan Storage Battery Co., Ltd.). After the photomask was removed, the 
laminate in which a latent Image was formed was dipped in a sol obtained in Preparation Example 3 for 5 
minutes. After dipping, the laminate was washed with water and dried at 200 -C for 30 minutes to give a 
pattern thin film of a silica gel. 

Further, ultraviolet light was irradiated on the total surface of this laminate for forming thin film pattern at 
a light energy of 2 J/cm 2 using the above equipment and the laminate was dried at 200 °C for 30 minutes. 
20 As a result, the polysilane layer other than the pattern thin film of the silica gel was volatilized to form an 
irregular pattern of the thin film of the silica gel on the glass substrate. Further, the irregular pattern was 
completely changed into a glass of silicon oxide by calcinating at 600 »C for 30 minutes to form a pattern of 
an insulation film of 0.2 urn in thickness on the ITO film. A resistance value of this insulation film was 
measured. As a result, the film had a volume resistance value of 10 15 Q-cm. Thus, it is possible to form a 
25 pattern of a transparent insulation film on a transparent electrode by a simple method. 

[Example 4] 

A 10% toluene solution of polysilane obtained in Preparation Example 1 was applied on a quartz glass 
substrate (5 cm x 5 cm x 0.11 cm in thickness) using a spin coater ("PRS-14", manufactured by Dynapart 
Co.) so that the dry film thickness may become 1 urn. A quartz photomask was put on the resulting 
laminate for forming thin film pattern which was exposed to ultraviolet light at a light energy of 2 J/cm 2 
using an ultra-high pressure mercury lamp parallel exposure equipment (CL-50-200A, manufactured by 
Japan Storage Battery Co., Ltd.). After the photomask was removed, the laminate in which a latent image 
was formed was dipped in a sol obtained in Preparation Example 4 for 5 minutes. After dipping, the 
am.nate was washed with water and dried at 200 -C for 30 minutes to give a pattern thin film of a silica 
titania gel. 

Further, ultraviolet light was irradiated on the total surface of this laminate for forming thin film pattern at 
a light energy of 2 J/cm 2 using the above equipment and the laminate was dried at 200 *C for 30 minutes 
As a result, the polysilane layer other than the pattern thin film of the silica titania gel was volatilized to form 
an irregular pattern of the thin film of the silica gel on the glass substrate. Further, the irregular pattern was 
completely changed into a glass of silicon oxide titanium oxide by calcinating at 500 "C for 30 minutes An 
UV spectrum of the pattern part of this titanium oxide was measured using a microscopic spec- 
trophotometer (MCPD-1000, manufactured by Otsuka Electronics Co., Ltd.). As a result, absorption of the 
ultraviolet part was observed. Thus, it is possible to form a pattern of a film of cutting-off ultraviolet light by 
a simple method. 

[Example 5] 

A 15% toluene solution of polysilane obtained in Preparation Example 1 was applied on a glass 
substrate (5 cm x 5 cm x 0.11 cm in thickness) using a spin coater ("PRS-14", manufactured by Dynapart 
Co.) so that the dry film thickness may become 5 urn. A quartz photomask was put on the resulting 
laminate for forming thin film pattern which was exposed to ultraviolet light at a light energy of 10 J/cm 2 
using an ultra-high pressure mercury lamp parallel exposure equipment (CL-50-200A, manufactured by 
Japan Storage Battery Co., Ltd.). After the photomask was removed, the laminate in which a latent image 
was formed was dipped in a sol obtained in Preparation Example 5 for 5 minutes. After dipping, the 
am.nate was washed with water and calcinated at 600 'C for 30 minutes to give a conductive pattern thin 
film of silicon ox.de containing silver particles. A resistance value of this conductive film was measured. As 
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a result, the film had a volume resistance value of 

ZSZtST U " POSSib ' e l ° ^ " P3ttern ° f 3 C ° ndUCtiVe thin fi ' m °" a " inSU,ation substr ^ ^ a 
[Comparative Example 1] 

A 15% toluene solution of polysilane obtained in Preparation Example 1 was applied on a ola^ 

£?TZZ:« C V °J\ Cm " thiCkneSS) USin9 3 Spi " COater <" PRS " 4 "- ™ ufac^by Dynapart 
| a i 1? f V V hlCkneSS maV bec ° me 5 wm - A auartz Photomask was put on the resulSno 
lam,nate for form.ng th.n f.lm pattern which was exposed to ultravio.et light having at a light energy oMO 

iLnl f 9 ! 7 C ° M td ) - After the P h °to"iask was removed, the laminate on which a latent 
ZSL f ° rmed h was d,pped in a so1 Gained in Preparation Examp.e 7 for 5 minutes. AftJ dtopfng The 

pa rtc : : a a : r c r inated at 6oo ' c ,or 30 minutes - h — ■ - % 2 

S JfJ ™ observed - T hus, st.ck.ng of particles having a particle size of more than 500 nm can not be 
Sane .aye"" 8 P ° ySi ' ane ^ " be diffUS6d int ° the ultraviotet "^-irradiated part of me 

[Example 6] 

o.iJLlf « t0 ' Uen ! S0 ' Uti0n ° f po| y silane opined in Preparation Example 1 was applied on a glass 

£TlTZZ: tr<L I' " thiCkneSS) US ' n9 3 Spin C03ter <" PRS " 4 "' manufactured by Dynapart 
£i n£L 1 J, . ■ *J Im h,ckness may become 5 urn. A quartz photomask was put on the resulting 

si t ultra hTore" Patt6m T* -XP088d » U ' traVi0l6t ■*» * a Of ,K3 

Japan Storaae f ^ T^T ' 3mP Para " e ' e * P ° SUre equipment (CL-50-200A. manufactured by 
form^ w»?h h y ) ' ? 6r thS photomask wa s removed, the laminate on which a latent image wal 
wT 1?1 d T "I 3 SO ' ° btained in Pre P aratio " ^Ple 6 for 5 minutes. After *^ » h TS n *e 
was washed w.th water and dried at 200-C for 30 minutes to give a patter a s ! 

containing polyethy.ene glycol. Further, this pattern thin film was completely de ' ig at 

abated bTa nitoVn oT* T'h "f" 9 *" ^ ^ «l this porous body 

aiculated by a n.trogen gas method. As a result, the poro- ' >aCi a pore of about 20 A in 
d^,,. , ,* possib.e to form a pattern of a porou- . , y a simp ,e method 

" ' UnC,,0n 0i P atterns ° f Examo.- < ■ . ,, l0W n in Table 1. respectively. 

Table 1 



Example 
No. 


Composition of sol 


Function 


1 


Fluorine group-containing silica 


Water-repellent thin film sol patterning j 


2 


Silica sol 


Fine irregular processing 


3 


Silica sol 


Insulation thin film patterning 


4 


Titania/silica sol 


Ultraviolet light cut-off thin film patterning 


5 


Fine silver particles + silica sol 


Conductive thin film patterning 


6 


Polyethylene glycol + silica sol 


Porous thin film patterning 



Claims 



A method for forming a thin film pattern, which comprises the steps of 

Smut 80 ^ 6 ^ eXP0Si " 9 3 P0 ' ySilane ,a y er formed fra ™ a polysilane having a structure of the 
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-f si) fsiA- 



70 



I 

R 2 R 4 

wherein Rt , R 2 , R 3 and R* indicate a group which is independently selected from the group 
consisting of a substituted or non-substituted aliphatic hydrocarbon residue, an alicyclic hydrocarbon 
residue and an aromatic hydrocarbon residue and m and n indicate an integer, provided on a 
substrate, to ultraviolet light to form a latent image of the thin film pattern; and 
(b) dipping the polysilane layer in which the latent image of the thin film pattern was formed in a 
metal oxide sol and then drying. 

75 2. The method according to claim 1, wherein the metal oxide sol itself contains a functional atom or a 
functional group. 

3. The method according to claims 1 or 2 wherein the metal oxide sol further contains a particulate 
material. 



20 



25 



The method according to any one of claims 1 to 3 wherein the metal oxide sol further contains a 
compound or a polymeric material which dissolves in a sol. 

A method according to any one of the previous claims comprising the step of removing a part other 
than the ultraviolet light-exposed part of the polysilane layer, after the thin film pattern of claim 1 was 
formed. 

6. A water-repellent thin film patternable by the process of claim 1. 
so 7. A fine irregular thin film obtainable by the process of claim 1. 

8. An insulation thin film patternable by the process of claim 1 . 

9. An ultraviolet light cut-off thin film patternable by the process of claim 1 . 

10. An electroconductive thin film patternable by the process claim 1. 

11. A porous thin film patternable by the process of claim 1. 
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Fig. 1 
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